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O — the “flavor problem”

- Two formulations: minimal & extended field content

n -- lllustrations



'___
The “Flavor Problem”

m SM: effective theory valid up to cutoff A - scale of new d.0.f.
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m Solve Hierarchy problem 2> A~TeV
FCNC constraints (¢,(@=1) 2> A > 100 TeV
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The “Flavor Problem”

m SM: effective theory valid up to cutoff A - scale of new d.0.f.
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m Solve Hierarchy problem 2> A~TeV
FCNC constraints (¢,(@=1) 2> A > 100 TeV

m NOTE: a “flavor problem” exists in the lepton sector as well
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BR(p—ey) <12x 107" 3 A > /A, %400 TeV
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Evading the “Flavor Problem”

O - (unnatural, hardly testable)

[l Symmetry Principle protecting FCNC

|

The irreducible sources of flavor symmetry breaking are linked

to the known structure of fermion (u,d; |,») spectra and mixing

- Explicitly built into several model scenarios
- Can be formulated in EFT language
( not sensitive to model detalls )
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MFV In the quark sector

(straightforward identification of irreducible symmetry breaking sources)

u GQF — SU(?‘:)Q X SU(E?)UR X SU(E‘)DR

L

0 SM Yukawa

Lsompr. = —QY N, DRH — QLN UL (imH) + h.c.

—* Formally invariant under G if:
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MFV In the quark sector

(straightforward identification of irreducible symmetry breaking sources)

O Gaor =SU(3)g, x SU3)vu, x SU(3)p,

L

0 SM Yukawa

}\U ~ (3; E:' lJ

Ap ~ (3,1,3)

A

—* Formally invariant under G if:

m EFT formulation of MFV hypothesis p’Ambrosio et al 2002

All effective operators are built out of iqﬁSM L AU AD
and are formally invariant under G



m Examples of dim6 operators in MFV effective Hamiltonian

Omi = Qry*ApcQp H'iD,H

mp

Or, = H' Drot” ——Apc@r F
v

m Effective coupling for d; — d; transitions (V=CKM matrix)

—

Ares = Xy =~ () Viv,




m Examples of dim6 operators in MFV effective Hamiltonian

Omi = Qry*ApcQp H'iD,H

mp

Or, = H' Drot” E—QFCQL

m Effective coupling for d; — d; transitions (V=CKM matrix)

—

m If neutrinos are Dirac same analysis applies to leptons -
charged LFV coupling ~ (m,/v)? -- not very interesting!

Ares = Xy =~ () Viv,
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MEV In the lepton sector

(identification of symmetry and sources of breaking not straightforward)

m Assume that LN is broken at (high) scale A;n -2 naturally
small v masses

m |dentify lepton-flavor breaking structures accounting for
observed masses and mixing (bottom-up approach):
(LH)(HL)

L =g,
g Ax
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(e.g. see-saw with heavy vy)

~ M)\,
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MLFV: minimal field content

m Breaking of U(1),, and G, are independent (A, >> Ary)

m Gir=5U(3)r, x SU(3)g, brokenonly by Ao, g,
'CH}'m.]E]'. — (_":I{(HTL?J) — A L}JTEH](HI TJL‘}?’) + h.c.
AN
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Formally invariant under . If e il
ep — Veper g — Vi 9.V}




"
MLFV: minimal field content

m Breaking of U(1),, and G, are independent (A, >> Ary)

m G =5U(3)r, x SU(3)g, brokenonly by Ac, g,

J.Cg-g_\-m_].}]-_ — f_'}f{H] L}) — 9:__‘“ \L}!TJH)(HF TJL}) + h.c.

o L= Vile | |A = VAV
Formally invariant under : If .
ep — Viper g — L g,/ I

m EFT formulation of MLFV hypothesis:

All effective operators are built out of oM Ay g,

and are formally invariant under G, and U(1),,
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MLFV: extended field content

U(1), breaking @ M, >> A,

m v, massterm vg'C (Uyé”) Uk <I U O

m Gip=SU(3)L, x SU3)g, x O(3),, brokenonly by A., A

‘CS}’HI.BI‘. — _E}?(H'Li) + 1 @ %(HITQLE) + h.c.

L; — Vi L;
Formally invariantunder | ., — Ve, | If

A B AL
A, — O, AV

vp — O, Up

m EFT formulation:

All effective operators are built out of oM Ao LA
and are formally invariant under G, and U(1),y
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MLFV effective Lagrangian

m At E < A, (newd.of) << Ay
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m Effective coupling governing ¢, — ¢; transitions

A2

' ‘miuimaal — 9,9y = o

T2 T
Umz U

(:////////PMNSHHWX

- FCNC suppression €<-> “smallness” of @ALN/V@

A ry ~ 1 TeV > suppression is effective for A < 1013 GeV




m Effective coupling governing ¢, — ¢; transitions

\ 2
LN 3-5 U

Al =00, = > A PMNS matrix

- FCNC suppression €-> “smallness” of @ALN/VZ)'D

A ry ~ 1 TeV > suppression is effective for A < 1013 GeV

- Predictive power = linking v phenomenology and (L)FCNC:

| L) 'r‘:l. F .3
(.a: r-ﬁmf,,l + sp3¢° i\”’mm)

A, = % (—r-:’fﬁmf”]iﬂmg )

atimn
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Example of MLFV predictions

(in minimal field content)

m Ratios of B;,_;., (c{)and scales A cancel out)
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NOTE: plots are for normal hierarchy [inverted is obtained by § — 7 — 4§ ]
B-rﬁ-l,r_,m- >> B-rﬁ-eﬁ: i Bllr_,[.ﬁ-eﬁ-

(with u—e/r—u suppression increasing as s;; = 0)
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(b) Interesting feature: window for 7> u vy

__1n10 iE:E:] o .[:1) .
Ax/Appy = 10 Cpp,—Crp, =1

107° ¢ Brin
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- Can keep B,_., below expt. limit
while BR(t — wy) > 1077, within reach of (super)-B factories

- Can be easily falsified as we learn more about s,5 , 0
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Conclusions

m Minimal Flavor Violation hypothesis in the lepton sector

m \We have identified two MLFV scenarios where

- FCNC suppression €-> ‘smallness’ of A (A y < 1013 GeV)

- Predictions for relative strength of yu—e, 7—>u , 7—e interms
of v mixing and mass pattern

- T—> [y observable at (super)-B factories if s;; < 0.1

m In progress: 4-lepton processes, viability of leptogenesis



